Dyslexia in alphabetic languages has been extensively investigated and suggests a central deficit in orthography to phonology mapping in the left hemisphere. Compared to dyslexia in alphabetic languages, the central deficit for Chinese dyslexia is still unclear. Because of the logographic nature of Chinese characters, some have suggested that Chinese dyslexia should have larger deficits in the semantic system. To investigate this, Chinese children with reading disability (RD) were compared to typically developing (TD) children using functional magnetic resonance imaging (fMRI) on a rhyming judgment task and on a semantic association judgment task. RD children showed less activation for both tasks in right visual (BA18, 19) and left occipito-temporal cortex (BA 37), suggesting a deficit in visuo-orthographic processing. RD children also showed less activation for both tasks in left inferior frontal gyrus (BA44), which additionally showed significant correlations with activation of bilateral visuo-orthographic regions in the RD group, suggesting that the abnormalities in frontal cortex and in posterior visuo-orthographic regions may reflect a deficit in the connection between brain regions. Analyses failed to reveal larger differences between groups for the semantic compared to the rhyming task, suggesting that Chinese dyslexia is similarly impaired in the access to phonology and to semantics from the visual orthography.
a b s t r a c t
Dyslexia in alphabetic languages has been extensively investigated and suggests a central deficit in orthography to phonology mapping in the left hemisphere. Compared to dyslexia in alphabetic languages, the central deficit for Chinese dyslexia is still unclear. Because of the logographic nature of Chinese characters, some have suggested that Chinese dyslexia should have larger deficits in the semantic system. To investigate this, Chinese children with reading disability (RD) were compared to typically developing (TD) children using functional magnetic resonance imaging (fMRI) on a rhyming judgment task and on a semantic association judgment task. RD children showed less activation for both tasks in right visual (BA18, 19) and left occipito-temporal cortex (BA 37), suggesting a deficit in visuo-orthographic processing. RD children also showed less activation for both tasks in left inferior frontal gyrus (BA44), which additionally showed significant correlations with activation of bilateral visuo-orthographic regions in the RD group, suggesting that the abnormalities in frontal cortex and in posterior visuo-orthographic regions may reflect a deficit in the connection between brain regions. Analyses failed to reveal larger differences between groups for the semantic compared to the rhyming task, suggesting that Chinese dyslexia is similarly impaired in the access to phonology and to semantics from the visual orthography.
& 2012 Elsevier Ltd. All rights reserved.
Introduction
Developmental dyslexia refers to a significant reading difficulty that cannot be accounted for by a deficit in general intelligence or inadequate education. Estimates of dyslexia prevalence in children in Mainland China range from 4.5% to 8.0% (Zhang, Zhang, Yin, Zhou, & Chang, 1996) . Studies on developmental dyslexia in alphabetic languages suggest a central deficit in mapping of orthography to phonology (Bradley & Bryant, 1978; Gabrieli, 2009; Hulme & Snowling, 1992; Hultquist, 1997; Pugh et al., 2001; Shankweiler, Liberman, Mark, Fowler, & Fischer, 1979; Shaywitz, 1998) and this deficit has been suggested to be of a universal biological origin: Dysfunction of left posterior occipito-temporal and temporo-parietal brain regions as well as frontal regions (Hoeft et al., 2006 (Hoeft et al., , 2007 Paulesu et al., 2001; Shaywitz et al., 2002) . Compared to alphabetic languages, the cognitive and neural basis of dyslexia in Chinese is less understood.
The cognitive processes in reading are closely tied to the characteristics of the writing system. Unlike alphabetic orthographies, Chinese orthography is often described as logographic for several reasons. First, the relationship between orthography and phonology is less systematic in Chinese than in alphabetic languages. Although the phonetic radical of the Chinese character can indicate its phonology, fewer than 50% of Chinese characters have a pronunciation corresponding to the pronunciation of the phonetic radical in that character. Second, compared to the unsystematic mapping between orthography and phonology, the orthography to semantics mapping is relatively systematic (Ho, Law, & Ng, 2000) . Third, the meanings of Chinese characters are often suggested by their visual configurations (Wang, 1973) . Last, the mapping from phonology to both orthography and meaning is one-to-many in Chinese. In other words, a single pronunciation can be written in many different ways and can have many different meanings. Because of this one-to-many mapping, accessing semantics from phonology is unreliable without contextual cues. The direct connection between orthography and semantics 
